(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




inaDinniQOiiiiiniiiiiiiiiiii 



(43) International Publication Date (10) International Publication Number 

1 May 2003 (01.05.2003) PCT WO 03/036018 A2 



(51) International Patent Classification 7 : E21B 23/04, 
43/10, 23/00,33/134,27/02 

(21) International Application Number: PCT/EP02/1 1898 

(22) International Filing Date: 23 October 2002 (23.10.2002) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

01204031.7 23 October 2001 (23.10.2001) EP 

(71) Applicant (for all designated States except CA, 
US): SHELL INTERNATIONALE RESEARCH 
MAATSCHAPP1J B.V. [NL/NL]; Carol van Bylandtlaan 
30. NL-2596 HR The Hague (NL). 



(71) Applicant (for CA only): SHELL CANADA LIMITED 

[CA/CA]; 400 - 4th Avenue S.W., Calgary, Alberta T2P 
2H5 (CA). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): LOHBECK, Wil- 
helmus, Christian us, Maria (NL/NL]; Vblmcrlaan 8, 
NL-2288 GD Rijswijk (NL). 

(81) Designated States (national): AE, AG, AL. AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK. DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK. SL, TJ, TM, TN, TR. TT, TZ, UA, UG, US, UZ, 
VN, YU, ZA, ZM, ZW. 



[Continued on next page J 



= (54) Title: DEVICE FOR PERFORMING A DOWNHOLE OPERATION 



00 

O 




(57) Abstract: A device for performing a downhole operation in a well- 
bore formed into an earth formation, the device comprising an actuator 
movable from a first configuration to a second configuration by the action 
of a selected increase of fluid pressure acting on the exterior of the actua- 
tor, and a tool arranged to be moved by the actuator so as to perform said 
downhole operation upon movement of the actuator from the first config- 
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DEVICE FOR PERFORMING A DOWNHOLE OPERATION 

The present invention relates to a device for 
performing a downhole operation in a wellbore formed into 
an earth formation. Such downhole operation can be any 
operation in which a certain amount of mechanical work is 
required, such as expansion of a downhole tubular or 
injection of a selected fluid into the wellbore. Various 
systems have been proposed for performing such 
operations, all requiring some form of control of an 
actuation from surface. However, controlling such 
actuation system from surface is sometimes complicated 
due to the depth at which the operation is to be 
performed. 

It is an object of the invention ,to provide an 
improved device for performing a downhole operation in a 
wellbore formed into an earth formation, which overcomes 
the problems of the prior art devices. 

In accordance with the invention there is provided a 
device comprising: 

an actuator movable from a first configuration to a 
second configuration by the action Of a selected increase 
of fluid pressure acting on the exterior of the actuator; 
and 

a tool arranged to be moved by the actuator so as to 
perform said downhole operation upon movement of the 
actuator from the first configuration to the second 
configuration thereof. 

Since, the fluid pressure in the wellbore increases 
with depth in a known manner, the device can be 
accurately designed to perform the operation at the 
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required depth whereby the required mechanical work can 
be delivered, for example, by the pressure difference 
between the exterior and the interior of the device. The 
pressure at the interior of the device then can be set at 
surface before lowering of the device into the wellbore. 

In a preferred embodiment of the device, the actuator 
includes a reservoir containing a gas, the reservoir 
having a larger internal volume in said first 
configuration than in said second conf iguration, and 
wherein in said first configuration the gas pressure in 
the reservoir is lower than the fluid pressure in the 
wellbore at the depth where the tubular element is to be 
expanded . 

Suitably, when the actuator is in the first 
configuration the gas pressure in the reservoir is 
substantially equal to atmospheric pressure. 

In an attractive embodiment of the device, the device 
is used to expand a tubular element in the wellbore, 
whereby the tool is an expander arranged to be moved 
axially through the tubular element by the actuator upon 
movement of the actuator from the first configuration to 
the second configuration thereof. 

In another attractive embodiment, the device is used 
for injecting a fluid compound in the wellbore, whereby 
the tool is an injector arranged to inject the fluid 
compound into the wellbore upon movement of the actuator 
from the first configuration to the second, configuration 
thereof. 

The invention will be described hereinafter by way of 
example in more detail, with reference to the 
accompanying drawings in which: 
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Fig. 1 schematically shows , in longitudinal section, 
a first embodiment of the device according to the * 
invention; 

Fig. 2 schematically shows, in longitudinal section, 
5 a second embodiment of the device according to the 

invention; 

Fig. 3A schematically shows, in longitudinal section, 
a third embodiment of the device according to the 
invention including a bridge plug before radial expansion 

10 thereof; 

Fig. 3B schematically shows the third embodiment with 
the bridge plug after radial expansion thereof; and 

Fig. 4 schematically shows, in longitudinal section, 
a fourth embodiment of the device according to the 

15 invention. 

Referring to Fig. 1 there is shown a wellbore 1 
formed in an earth formation 2, the wellbore 1 being 
filled with a suitable wellbore fluid (e.g. drilling 
fluid) . A tubular element in the form of a casing 4 

20 extends into the wellbore 1, the casing 4 being radially 

expandable. An expander 6 having conical portion 6a for 
expanding a lower portion of the casing 4, is arranged 
below the lower end of the casing 4 . The expander 6 is 
provided with a through-bore 7 which provides fluid 

25 communication between opposite ends of the expander 6. An 

actuator 8 is arranged within the casing 4 a short 
distance above the expander 6, and is .fixedly connected 
to the casing 4 by releasable fixing means 10. The 
actuator 8 includes a cylinder/piston arrangement 12 with 

30 cylinder 14 and piston 16, the cylinder 14 being closed 

at its upper end by end wall 18. The piston 16, which is 
axially movable through' the cylinder 14, is connected to 
the expander 6 by means of a releasable connecting 
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rod 20. The piston 16 is temporarily axially restrained 
in the cylinder 14 by means of shear pins 22 which are 
designed to shear-off at a selected pressure difference 
across the piston 16. The space 24 enclosed by the 
cylinder 14 r the end wall 18 and the piston 16 is filled 
with a gas (e.g. air) at atmospheric pressure. The 
aforementioned pressure difference at which the shear 
pins 22 shear-off is selected equal to the difference 
between atmospheric pressure and the hydraulic fluid 
pressure in the wellbore 1 at the depth where the lower 
casing portion is to be expanded. 

During normal operation the casing 4, with the 
actuator 8 arranged therein and the expander suspended 
below the casing 4 by connecting rod 20, is lowered into 
the wellbore 1. As lowering of the casing 4 proceeds the 
pressure difference across the piston 16 increases due to 
increasing hydraulic fluid pressure in the wellbore 1. In 
this respect it is to be noted that the through-bore 
provides fluid communication between the wellbore fluid 
and the outer surface of the piston 16. When the lower 
end of the casing 4 arrives at the selected depth, the 
pressure difference across the piston 16 equals the 
selected pressure difference so that the shear pins 22 
shear-off , and consequently the piston 16 is moved 
axially into the cylinder 14. By virtue of this movement, 
the piston 16 pulls the expander 6 into the lower end 
part of the casing 4 as a result -of which the lower 
casing part is radially expanded. Thereafter the fixing 
means 10 of the actuator 8 is released, the connecting 
rod 20 is released from the expander 6, and the 
actuator 8 and connecting rod 20 are removed upwardly 
through the casing 4. If desired the casing 4 can 
thereafter be further expanded in any suitable manner. 
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In Fig. 2 is shown an expandable tubular plug 30 
arranged in wellbore 32 formed in an earth formation 34, 
the wellbore 1 being filled with drilling fluid. The 
plug 30 is closed at its upper end by end wall 36,. and is 
at its lower end provided with an expander 37 having a 
conical portion 38 for expanding the plug upon inward 
axial movement of the expander 37 into the tubular 
plug 30. The expander 37 is temporarily axially 
restrained to the plug 30 by shear pins 39 which are 
designed to shear-off at a selected pressure difference 
across the expander 37. A space 40 Us enclosed by the 
tubular plug 30, the end wall 36 and the expander 37, 
which space is filled with air at atmospheric pressure. 
The pressure difference at which the shear pins 39 shear- 
off equals the difference between atmospheric pressure 
and the hydraulic fluid pressure in the wellbore 34 at 
the depth where the plug 30 is to be expanded. 

During normal operation the tubular plug 30 is 
lowered into the wellbore 32 with the expander 37 
connected thereto in the position shown. As lowering of 
the plug 30 proceeds the pressure difference across the 
expander 37 increases due to increasing hydraulic fluid 
pressure in the wellbore 1. When the tubular plug 37 
arrives at the selected depth, the pressure difference 
across the expander 37 equals the selected pressure 
difference so that the shear pins 39 shear-off. 
Consequently the expander 37 is moved axially into the 
tubular plug 37 due to the axial pressure difference 
across the expander 37. The expander 37 thereby radially 
expands the plug 30 against the wall of the wellbore 1 so 
as to seal the wellbore portions above and below the 
expanded plug 30 from each other. 
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In Fig, 3A is shown another expandable tubular 
plug 40 arranged in a wellbore (not shown) formed in an 
earth formation, which wellbore is filled with a suitable 
wellbore fluid. The plug 40 is closed at its front end by 
end wall 42, and is internally provided with an 
expander 44 having the following subsequent parts: a nose 
part 46 of reduced diameter, a first conical part 47, a 
first cylindrical part 48, an intermediate part of 
reduced diameter 49, a second conical part 50, and a 
second cylindrical part 51. The first and second 
cylindrical parts 48, 51 have a diameter slightly smaller 
than the inner diameter of the tubular plug 40, and are 
sealed relative the inner surface of the tubular plug 40 
by suitable seals (not shown) . The plug is internally 
provided with two expandable rings 53, 55 (e.g. made of 
elastomer) fixedly connected to the inner surface of the 
plug 40, whereby ring 53 extends around the nose part 46 
of expander 44 and ring 55 extends around the inter- 
mediate part 49 of expander 44. Ring 53 has, at the side 
of conical part 47, a conical surface 57 complementary to 
the conical surface of part 47. Similarly, ring 55 has, 
at the side of conical part 50, a conical surface 59 
complementary to the conical surface of part 50. A guide 
ring 60 for. guiding the nose part 46 therethrough, is 
fixedly arranged in a front end part of the plug 40. A 
space" 62 filled with air at atmospheric pressure is 
enclosed by the tubular . plug.. 40, the end wall 42, and the 
nose part 46 of the expander. The assembly of tubular 
plug 40, rings 53, 55 and expander 44 is designed such 
that the expander moves axially inward into the tubular 
plug 40 (and thereby expands the rings 53, 55 and the 
portions of the plug 40 opposite said rings) when the 
pressure difference across the expander 44 equals the 



WO 03/036018 



- 7 - 



PCT/EP02/I1898 



difference between atmospheric pressure and the hydraulic 
fluid pressure in the wellbore at the depth where the 
plug 40 is to be expanded. 

Referring further to Fig. 3B, during normal operation 
the tubular plug 40 is lowered into the wellbore with the 
expander 44 arranged therein. During lowering of the 
plug 40 proceeds the pressure difference across the 
expander 44 increases due to increasing hydraulic fluid 
pressure in the wellbore. When the tubular plug 40 
arrives at the selected depth, the pressure difference 
across the expander 44 becomes equai the pressure 
difference needed to move the expander 44 axially inward 
into the plug 40. Consequently the expander 44 moves 
axially inward into the plug 40 and thereby expands the 
rings 53 , 55 and the portions of the plug 4 0 opposite the 
rings against the wellbore wall so that the wellbore 
portions above and below the expanded plug 40 become 
sealed from each other. The plug 40 and the expander 44 
after the expansion process are shown in Fig. 3B. 

In Fig. 4 is shown another embodiment of the device 
of the invention, used tp inject a chemical compound into 
a wellbore (not shown) . The device includes a cylinder/ 
piston assembly 70 including a piston 71 axially movable 
through a cylinder 72. The piston 71 includes a large 
diameter portion 74 positioned in a corresponding large 
internal diameter portion 7 6 of the cylinder 72, and a 
small diameter portion 78 ..extending partly into a 
corresponding small* internal diameter portion 80 of the 
cylinder 72. The large and small diameter portions 76, 80 
of the cylinder are of sufficient length to allow the 
piston 71 to move over a selected stroke inwardly into 
the cylinder 72. The small internal diameter portion 80 
of the cylinder 72 has an end wall 81 provided with 
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nozzle 81a. Suitable seals 82, 84 are provided to seal 
the piston portions 74, 78 to the respective cylinder 
portions 76, 80. Furthermore, the piston 71 is 
temporarily restrained in the cylinder 72 by shear 
pins 86 which are designed to shear-off at a selected 
pressure difference across the cylinder 72. An annular 
space 88 is formed between the small diameter portion 78 
of the piston 71 and the inner surface of the large 
diameter portion 76 of the cylinder 72, which space 88 is 
filled with air at atmospheric pressure. A fluid 
chamber 90 filled with a selected chemical compound (e.g. 
a cement hardener) is formed in the small internal 
diameter portion 80 of the cylinder 72, between the 
piston 71 and the end wall 81. The pressure difference 
across the piston 71 at which the shear pins 8 6 shear- 
off, is selected such that shearing-off occurs when the 
difference between the hydraulic fluid pressure in the 
wellbore and atmospheric pressure equals the selected 
pressure difference across the piston 71. 

During normal operation the cylinder/piston 
assembly 70 is lowered into the wellbore. As lowering 
proceeds the pressure difference across the piston 71 
increases due to increasing hydraulic fluid pressure in 
the wellbore. When the assembly 70 arrives at the 
selected depth, the pressure difference across the 
piston 71 equals the selected pressure difference so that 
the shear pins 86 shear-off. Consequently the piston 71 
is moved axially into the cylinder 72. By virtue of this 
movement, the small diameter portion 78 of the piston 71 
ejects the chemical compound in chamber 90 through the 
nozzle 81a into the wellbore. In an alternative 
arrangement (not shown) the piston can be used to eject 
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different compounds from different containers, which 
compounds react when intermixed*. 

In the above detailed description the actuator moves 
from its first configuration to its second configuration 
by virtue of the device arriving at a position in the 
wellbore where the fluid pressure due to hydrostatic or 
hydrodynamic fluid head has a selected magnitude. In an 
alternative arrangement the actuator can be set to move 
from the first to the second configuration at a fluid 
pressure which is somewhat higher than the fluid pressure 
due to hydrostatic or hydrodynamic head. After the device 
has been lowered to the desired depth, the fluid pressure 
in the wellbore can be increased so as to activate the 
actuator by increasing the wellbore pressure at surface, 
for example by closing the blowout preventer (BOP) and 
operating the fluid pumps. 

Instead of using shear pins as described above, a 
spring loaded device can be used to unlock the actuator, 
for example a spring loaded device as used in pressure 
relief valves. 
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CLAIMS 

1. A device for performing a downhole operation in a 
wellbore formed into an earth formation, . the device 
comprising: 

an actuator movable from a first configuration to a 
second configuration by the action of a selected increase 
of fluid pressure acting on the exterior of the actuator; 
and 

a tool arranged to be moved by the actuator so as to 
perform said downhole operation upon movement of the 
actuator from the first configuration to the second 
configuration thereof. 

2. The device of claim 1, wherein the actuator includes 
a reservoir containing a gas, the reservoir having a 
larger internal volume in said first configuration than 
in said second configuration, and wherein in said first 
configuration the gas pressure in the reservoir is lower 
than the fluid pressure in the wellbore at the depth 
where the tubular element is to be expanded. 

3. The device of claim 2, wherein in said first 
configuration the gas pressure in the reservoir is 
substantially equal to atmospheric pressure. 

4. The device of claim 2 or 3, wherein the reservoir is 
formed by a cylinder/piston arrangement including a 
piston axially movable through a cylinder, and wherein 
the actuator is arranged to move from the first 
configuration to the second configuration by inward 
movement of the piston into the cylinder. 

5. The device of any one of claims 1-4, wherein the 
device is a device for expanding a tubular element in the 
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wellbore, and the tool is an expander arranged* to be 
moved axially through the tubular element by the actuator 
upon movement of the actuator from the first 
configuration to the second configuration- thereof . 

6. The device of claim 5 when dependent on claim 4, 
wherein the piston is connected to the expander so that 
said inward movement of the piston into the cylinder 
results in axial movement of the expander through the 
tubular element. 

7. The device of claim 5 or 6, wherein the expander is 
arranged to be moved axially through an end portion of 
the tubular element by the actuator upon movement of the 
actuator from the first configuration to the second 
configuration thereof. 

8. The device of any one of claims 5-7 , wherein said 
tubular element is a bridge plug arranged to plug the 
wellbore when the expander has moved axially through the 
tubular element by the actuator. 

9. The device of any one of claims 5-8, wherein the 
tubular element is internally provided with at least one 
expander ring having a central opening, and wherein the 
expander is arranged to pass through said central opening 
upon axial movement of the expander through the tubular 
element, whereby the expander expands the expander ring. 

10. The device of any one of claims 1-4, wherein the 
device is a device for injecting a fluid compound in the 
wellbore, and the tool is an injector arranged to inject 
the fluid compound into the wellbore upon movement of the 
actuator from the first configuration to the second 
configuration thereof. 

11. The device substantially as described hereinbefore 
with reference to the drawings. 
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